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Abstract：In order to analyze the coupling properties of bispectrum，both bispectrum and three order cumulants were used to
diagnose faults. Compared with three order cumulants，bispectrum concludes the quadratic phase coupling information. The
comparative experimental results indicate that，when the kinds of faults were different，the impact of coupling information on
the results of fault diagnosis became different too. Furthermore，the features of fault signals and normal signals were extracted
by 2-D wavelet in different directions，then these features were input into support vector machine to diagnose the faults，and
the results show，whether coupling information were included or not，the corrects of diagnosis were different when all these
faults were in different frequencies parts.
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无量纲。对比图 1 和 图 2、图 4 和图 5，可以看出，正常状态和故
障一状态的双谱图在谱峰的分布形状和密度方面区别较大，而从
































文献[10]，建立了相同的 LSSVM 进行故障诊断。在训练 LSSVM 时，
采用文献[10]相同的方法，即在训练时分别在表一的正常数据和故




断结果，正常状态只有 2 组、故障状态有 1 组共 3 组识别错误，正确







Fig.1 Double spectra in Normal State
图 2 故障一状态双谱图
Fig.2 Double Spectra in Failure 1 State
图 3 故障二状态双谱图
Fig.3 Double Spectra in Failure 2 State
图 4 正常状态三阶累积量图
Fig.4 Third-Order Cumulants Figure in Normal State
图 5 故障一状态三阶累积量图
Fig.5 Third-Order Cumulants Figure in Failure 1 State
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图 6 故障二状态三阶累积量图
Fig.6 Third-Order Cumulants Figure in Failure 2 State
表 1 定义三方式复数三阶累积量按斜线方向提取的特征值
Tab.1 The Defined Three Ways The Plural Third-Order
Cumulants Eigenvalue According to Slash Direction
正常 0.2303 0.3309 0.0777 06620 0.4379 0.5280 0.0139 0.3194
状态
故障
0.3131 0.3222 0.3725 0.3740 0.3357 0.0323 0.3156 0.0246
0.2426 0.4528 0.2681 0.4695 0.5328 0.2329 0.5135 0.5177
……
0.3236 0.3258 0.3728 0.6658 0.4346 0.0298 0.3191 0.6284
0.1832 0.4721 0.5733 0.5671 0.0350 0.5306 0.0156 0.5230
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图 7 定义三方式按斜线方向特征提取故障诊断模拟结果图
Fig.7 Defines Three Ways Feature Extraction Fault Diagnosis
Simulation Result According to Slash Direction
表 2 各种定义方式模拟结果错误数
Tab.2 Simulation Results Error Number




累积量的种类 水平 垂直 斜线
故障一（双谱） 5 4 4 3
故障二（双谱） 3 5 5 2
故障一（三阶累积量） 7 8 8 7
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